forms, is detectable by this method.
Several gas or thin-layer chromatographic methods (1) (2) (3) (4) (5) (6) are available for analysis of codeine and morphine in urine. In most of these methods only one of these techniques is used and so they are subject to inaccuracy.
Because of the grave consequences that could result from an inaccurate test, especially from a false positive, we have developed a combined procedure for positively identifying codeine and morphine in urine without the use of a mass spectrometer. Because both the gas and thin-layer chromatographic properties of acetylated derivatives of codeine and morphine are used, falsely positive results are virtually eliminated.
Morphine, the principle metabolite of heroin, and codeine are excreted in the urine primarily as the glucuronides.
These highly water-soluble conjugates are extremely difficult to extract into organic solvents, whereas the unconjugated morphine and codeine are readily extracted (1 
Materials and Methods

Apparatus
Round-bottom centrifuge tubes
with glass stoppers, 50 ml.
Metal racks, with lids, to hold 25 tubes (fabricated to our specifications). One 50-ml round-bottom centrifuge tube and one 40-ml tapered centrifuge tube are required for each specimen and control to be analyzed.
To each 50-mi centrifuge tube add 15 ml of specimen (urine or control solution) and 2. 
Interpretation of Data
Proper sample preparation.
A peak for the internal standard (acetylated nalorphine) must appear on both gas-chromatographic columns and a spot for it must appear on the thin-layer plate even when the specimen is negative for codeine or morphine, or both. If the internal standard does not appear on a gas-chromatographic column or on the thin-layer plate, the specimen has not been prepared properly and the procedure must be repeated. Positive specimen.
A specimen positive for morphine and/or codeine must give the proper internal standard response and must produce acetylated codeine and/or morphine on the two gas-chromatographic columns and on the thin-layer plate. Negative specimen.
A negative specimen for codeine and/or morphine must give the proper internal standard response and must fail to give the proper acetylated codeine and/or morphine response on at least one of the gas-chromatographic columns or on the thin-layer plate. We have found that with gas chromatography, other drugs or substances present in the urine (such as propoxyphene and its metabolites) occasionally produce extraneous peaks with the same relative retention times as those of codeine or morphine.
Results and Discussion
However, analysis by two fundamentally different parameters (gas and thin-layer chromatography) eliminates this problem. Nalorphine is used as an internal reference standard to assure proper extraction and chromatographic techniques.
It is added to every sample at the beginning of the extraction procedure and, therefore, all samples subjected to chromatographic analysis for codeine and morphine must show a positive response for nalorphine.
If no response or a greatly reduced response for nalorphine is obtained on either type of chromatographic analysis, then the sample must be re-extracted.
The urine specimens are hydrolyzed to ensure extraction of both free and conjugated codeine and/or morphine.
Our laboratory data indicate that hydrolysis of the urine specimens is essential because most of these two drugs are excreted in the form of their glucuronides, which are highly water soluble and thus are not extractable by organic solvents. This gas/thin-layer chromatographic method is sensitive to very small concentrations of drugs. We have analyzed specimens supplemented with codeine, morphine, and a combination of codeine and morphine in concentrations ranging from 0.05 to 10 mgI liter. In all cases, we have been able to detect codeine and/or morphine at a concentration of 0.5 mg/liter or more with our procedure.
We have also analyzed hundreds of urine specimens collected from known users of heroin, morphine, and codeine. Again, in all instances, the 'two drugs were detected when present in concentrations at or above 0.5 mg/liter. 
